International Journal of Thin Film Science and Technology
Volume 3
Issue 3 Sep. 2014

Article 5

2014

Sn doped ZnO Thin Films Prepared by Pulsed Laser Deposition for
Photovoltaic Applications
I. Ali
Laser and Optronics Centre, Department of Physics, University of Engineering and Technology, Lahore –
54890, Pakistan, mail2zaka@gmail.com

Z. Ullah
Centre of Excellence in Solid State Physics, University of the Punjab, Quaid-e-Azam Campus, Lahore –
54590, Pakistan, mail2zaka@gmail.com

K. Siraj
Laser and Optronics Centre, Department of Physics, University of Engineering and Technology, Lahore –
54890, Pakistan, mail2zaka@gmail.com

M. S. Rafique
Laser and Optronics Centre, Department of Physics, University of Engineering and Technology, Lahore –
54890, Pakistan, mail2zaka@gmail.com

M. Khaleeq-ur-Rahman
Centre for Advanced Studies in Physics (CASP), Government College (GC) University, Lahore – 54000,
Pakistan, mail2zaka@gmail.com
Follow this and additional works at: https://digitalcommons.aaru.edu.jo/ijtfst

Recommended Citation
Ali, I.; Ullah, Z.; Siraj, K.; S. Rafique, M.; and Khaleeq-ur-Rahman, M. (2014) "Sn doped ZnO Thin Films
Prepared by Pulsed Laser Deposition for Photovoltaic Applications," International Journal of Thin Film
Science and Technology: Vol. 3 : Iss. 3 , Article 5.
Available at: https://digitalcommons.aaru.edu.jo/ijtfst/vol3/iss3/5

This Article is brought to you for free and open access by Arab Journals Platform. It has been accepted for
inclusion in International Journal of Thin Film Science and Technology by an authorized editor. The journal is
hosted on Digital Commons, an Elsevier platform. For more information, please contact rakan@aaru.edu.jo,
marah@aaru.edu.jo, u.murad@aaru.edu.jo.

Int. J. Thin Film Sci. Tec. 3, No. 3, 107-111 (2014)

107

International Journal of Thin Films Science and Technology
http://dx.doi.org/10.12785/ijtfst/030305

© 2012 NSP
Sn
doped ZnO Thin Films Prepared by Pulsed Laser Deposition for
Photovoltaic Applications

I. Ali1, Z. Ullah2,*, K. Siraj1, M. S. Rafique1, M. Khaleeq-ur-Rahman3
1

Laser and Optronics Centre, Department of Physics, University of Engineering and Technology, Lahore – 54890, Pakistan
Centre of Excellence in Solid State Physics, University of the Punjab, Quaid-e-Azam Campus, Lahore – 54590, Pakistan
3
Centre for Advanced Studies in Physics (CASP), Government College (GC) University, Lahore – 54000, Pakistan
2

E-mail: mail2zaka@gmail.com
Received: 25 Feb. 2014, Revised: 25 Jun. 2014, Accepted: 15 Jul. 2014
Published online: 1 Sep. 2014

Abstract: The objective of the present research work is to prepare various compositions of Sn doped ZnO thin films on a single
crystal silicon (1 0 0) substrate via pulsed laser deposition technique, for investigation of valuable structural and optical
properties. For this purpose, targets of pure and Sn-ZnO were prepared in the form of compressed, sintered and densified pellets
by solid state reaction method. A KrF excimer laser ( =248 nm, τ=20 ns, El = 20 mJ and Φl=1 J/cm2) was employed to deposit
various thin films on silicon substrate. Post deposition annealing of all the Sn-ZnO thin films was carried out at 300 ˚C, and their
structural and optical properties were investigated by X-ray diffraction (XRD) and Spectroscopic Ellipsometry (SE),
respectively. It was observed from XRD results that ZnO (0 0 2) and SnO2 (2 1 0) were preferred planes orientations for all the
Sn-ZnO thin films. The presence of SnO2 peak showed that SnO2 was epitaxialy included in ZnO matrix. The crystallite size of
all the thin films was measured with the help of Scherrer formula and it was decreased with the increase of Sn concentration in
ZnO. Spectroscopic ellipsometry analysis showed that the values of refractive index (n) and extinction coefficient (k) were
increased and optical band gap of the thin films was decreased with addition of Sn contents in ZnO thin films. The modification
in band gap energy could be attributed to the crystallites size of the thin film; the decrease in crystallite size decreased the band
gap energy, which makes the thin films valuable for variety of photovoltaic applications.
Keywords: Pulsed laser deposition; KrF excimer laser; thin films; structural and optical properties

1.

Introduction

ZnO is an n-type semiconductor from II-VI group
having wurtzite crystal structure, with direct and wide
band gap of 3.37 eV.
It is widely used in
optoelectronic devices especially for blue and UV
emissions, like in laser diodes [1, 2]. ZnO thin films
have exciton binding energy 60 meV which is much
greater than the binding energies of gallium nitride (21
meV) and zinc sulfide (20 meV), and this property
makes it preferable to gallium nitride and zinc sulfide.
Excitonic devices are fabricated from ZnO thin films
due to its higher values of excitonic energies at room
temperatures [3]. ZnO thin films are widely used in
transparent conducting coatings, varistors, solar cell
panels and thin film gas sensors [4]. Due to all these
distinctive applications, ZnO thin films have drawn
much attention among the modern researchers and
scientists.

Different techniques like molecular beam
epitaxy (MBE), sol-gel method, metal organic chemical
vapor deposition (MOCVD), radio frequency (RF)
sputtering, pulse laser deposition (PLD), etc. can be
used to prepare stichiometric and epitaxial thin films of
ZnO [5]. PLD is used as a deposition technique due to
its matchless advantages like stoichiometric deposition,
an essentially clean process and simple control of
experimental parameters. During deposition of ZnO
thin films, the parameters such as laser light fluence,
pulse length, substrate surface temperature and back
ground pressure have large affect on the ZnO thin film
crystalline quality [6]. The optical properties of ZnO
thin films can be tuned by fundamental doping process
and mostly transition metals are used for this purpose
[7]. In present research work, Sn doped ZnO thin films
with different Sn proportions were deposited on Si (1 0
0) substrate and their structural and optical properties
were investigated.
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2.

Experimental Work

The targets with compositions (ZnO)1-x(SnO2)x (x =
0.00, 0.01, 0.02, 0.04) were synthesized via solid state
reaction method. For this purpose, the required
proportions of ZnO and SnO2 in powder form having
purity level 99.99% were mixed together and grinded
properly. The uniformly mixed powder was calcined at
800 °C for 8 hours and the final product was further
grinded and collected into a steel dye. Mechanical
hydraulic press was used to compress the powder
material at 150 bar to obtain high dense pellets. These
pellets were sintered at 900 °C for 10 hours to make
them more compact.
The thin films were deposited on single crystal
silicon (1 0 0) substrates using KrF excimer laser
( =248 nm, τ=20 ns, El = 20 mJ and Φl=1 J/cm2). KrF
excimer laser was focused on to the target surface at an
angle of 45˚ using UV lens having a focal length of 40
cm. A single crystal silicon (1 0 0) substrate having
dimensions 1×1×0.2 cm3 cleaned with acetone in
ultrasonic bath, was placed parallel to the target
material at distance of 18 mm. The base pressure 10-5
mbar was created inside the PLD chamber using rotary
and turbo molecular pumps. A DC Stepper motor was
used to rotate and translate the target material during
deposition for uniform ablation from the target surface,
which helped to avoid the crater formation on the
target‟s surface. The schematic diagram of the
experimental setup has been shown in Fig. 1.

was performed at 300 °C for 2 hours to improve the
crystallinity of the thin films. The structural analysis of
thin ﬁlms was carried out using X-ray diffractometer
(XRD) whereas the optical properties were studied by
spectroscopic ellipsometry (SE).

3.

Results and Discussion

3.1

Structural Analysis

The structural properties of Sn-ZnO thin films were
investigated by X-ray diffractometer (D8 discover,
Bruker Germany). Fig. 2 shows diffraction patterns of
Sn doped ZnO for all deposited thin films, and it is
clear from the Figure that all the films have ZnO (0 0 2)
preferred plane orientation, like single crystal structure.
The c-parameters of the silicon substrate (c = 5.430 )
is very close to the c-parameters of the ZnO (c = 5.206
Å) which makes the growth of ZnO (0 0 2) plane
favorable. A peak for SnO2 (2 1 0) plane was observed
in XRD patterns, given in Fig. 3, showing that SnO2
was epitaxialy present in ZnO thin film matrix.
The average value of crystallites size was
calculated using Scherrer formula [8, 9]:
(1)
In this relation, k is shape factor having value 0.94, λ
is wavelength of the Cu Kα (1.5414 Å), is FWHM
and is the Bragg„s angle.
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and the temperature of the substrate surface was kept at
300 °C for all depositions. Post deposition annealing

4% Sn-ZnO
2% Sn-ZnO
1% Sn-ZnO

0% Sn-ZnO

32

34

36

38

40

2 (degrees)

Fig. 1: Schematic diagram of Experimental Setup

Fig. 2: XRD patterns of compositions (ZnO)1-x(SnO2)x
(x = 0.00, 0.01, 0.02, 0.04)
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Figure 4 and 5 show the variation in FWHM and
crystallites size of ZnO and SnO2, respectively. The
value of FWHM was increased and that of crystallite
size was decreased with addition of Sn contents in ZnO
thin films, which can be attributed to the production of
more lattice defects and lattice strains in the thin films
[10].
The amount of defects produced in Sn-ZnO thin
films can be estimated by calculating the dislocation
line density
which is related to particle size, as
follow [10]:
(2)
This relation shows that dislocation line density is
increased with decrease in crystallite size, as was
observed in the recent case.
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Fig. 4: FWHM and crystallites size of ZnO as a
function of Sn at. wt%
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Fig. 5: FWHM and crystallites size of SnO2 as a
function of Sn at. wt%

Fig. 3: XRD patterns showing plane (2 1 0) for Sn in
Sn-ZnO thin films
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In the present research work, the addition of Sn
contents in ZnO thin films increased the dislocation
line density which directs that defects are increased and
crystallinity of the ZnO thin films is reduced.

3.2

Optical Properties

The optical properties of Sn doped ZnO thin films were
studied by spectroscopic ellipsometry from which
changes in amplitude and phase of light before and
after interaction with the thin films, can be determined.
In the recent work, refractive index (n) and extinction
coefficient (k) of all the thin films for different regions
of wavelength were measured from spectroscopic
ellipsometry. Fig. 6 shows the variation in refractive
index whereas Fig. 7 gives the variation in extinction
coefficient with respect to wavelength for pure and Sn
doped ZnO thin films. The values of refractive index
for all Sn doped ZnO thin films were greater than the
value for pure ZnO thin films in a wavelength range
600 to 1000 nm. For pure ZnO thin films, the value of
refractive index was found to be 0.9 in a wavelength
range 600 to 900 nm. For Sn doped (at. wt. 1%, 2%,
4%) ZnO thin films, this value was increased from 1.5
to 1.7 with increase in Sn contents, through the
wavelength range 600 to 1000 nm.
Fig. 7 shows the influence of Sn doping on
extinction coefficient of Sn-ZnO thin films. The value
of extinction coefficient was increased with addition of
Sn contents in ZnO thin films within a wavelength
range 600 to 1000 nm, resulting in more absorption of
wavelengths. In our work, the highest value of
extinction coefficient was obtained at Sn doping level
of wt. 4% which proved that Sn doped ZnO thin films
have become more suitable for fabrication of various
optoelectronic devices [1, 10-13].

Crystallite size (nm)
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Fig. 6: Refractive index (n) of Sn-ZnO thin films as a
function of wavelength
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Fig. 8 shows the Tauc‟s curves for all
deposited thin films from which band gap energy of
these films can be measured using Tauc‟s model.
According to this model, the extension of linear portion
of the plot between (αhυ)n and hυ, up to the energy axis
at α = 0, gives the value of band gap energy. For direct
and indirect band gap materials, the values of n are 2
and 0.5, respectively. As ZnO is a direct band gap
material, hence the value of n was taken as 2 during the
measurements of band gap energies for all thin film
[10].
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Fig. 7: Extinction coefficient (k) of Sn-ZnO thin films
as a function of wavelength
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Fig. 9 illustrates that the value of optical band
gap energy is decreased with increase in Sn contents
that produce material disorders, resulting in the
development of redistributed states between valence
and conduction bands, and hence enhancement in
photoelectric properties of the thin films [10].
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Fig. 9: Influence of Sn doping on optical band gap of
ZnO thin films

4.

Conclusions

Sn doping effects the properties of ZnO thin films
meritoriously. XRD analysis showed that Sn doped
ZnO thin films have preferred plane orientation (0 0 2),
whereas SnO2 (2 1 0) was also epitaxialy included in
the thin films. The value of FWHM was increased and
that of crystallite size was decreased with increase in
Sn concentrations. SE results showed that the values of
refractive index (n) and extinction coefficient (k) were
increased with addition of Sn content in ZnO thin films
throughout the wavelength region 600 to 1000 nm.
Contrary to this, the optical band gap of ZnO thin films
was reduced with addition of Sn contents that can be
attributed to the decrease in crystallite size. Smaller is
the crystallite size, smaller will be the optical band gap
energy, which is consistent with the previous results.
These Sn doped ZnO thin films of tunable band gap can
be efficiently utilized in wide range applications of
optical industries.

[8]

[9]

[10]

[11]

References
[1]

[2]

[3]

X. M. Fan, J. S. Lian, Z. X. Guo, H. J. Lu,
“Microstructure
and
photoluminescence
properties of ZnO thin ﬁlms grown by PLD on
Si (1 1 1) substrates”, Applied Surface Science
239, 176–181 (2005).
W. Zhaoyang, S, Liyuan, H. Lizhong, “Effect
of laser repetition frequency on the structural
and optical properties of ZnO thin ﬁlms by
PLD”, Vacuum 85, 397-399 (2010).
V. Craciun, J. Eldersb, J. G. E. Gardeniersh, J.
Geretovsky, L. W. Boyd, “Growth of ZnO
thin films on GaAs by pulsed laser
deposition”, Thin Solid Films 259, l-4 (1995).

[12]

[13]

S. Venkatachalam, Y. Kanno, “Preparation
and
characterization
of
nano
and
microcrystalline ZnO thin ﬁlms by PLD”,
Current Applied Physics, 9, 1232–1236
(2009).
R. K. Gupta, K. Ghosh, R. Patel, S.R. Mishra,
P.K. Kahol, “Band gap engineering of ZnO
thin films by In2O3 incorporation”, Journal of
Crystal Growth 310, 3019-3023 (2008).
Y. Zhao, Y. Jiang, Y. Fang, “The inﬂuence of
substrate temperature on ZnO thin ﬁlms
prepared by PLD technique”, Journal of
Crystal Growth 307, 278–282 (2007).
E. López-Ponce, J. L. Costa-Krämer, M. S.
Martín-González, F. Briones, J. F. Fernández,
A. C. Caballero, M. Villegas, J. de Frutos,
“Growth and characterization of Sn doped
ZnO thin films by pulsed laser deposition”,
Physica Status Solidi (a) 203, 6, 1383–1389
(2006).
K. Siraj, M. Khaleeq-ur-Rahman, S. I.
Hussain, M. S. Rafique, S. Anjum, “Effect of
deposition temperature on structural, surface,
optical and magnetic properties of pulsed laser
deposited Al-doped CdO thin ﬁlms”, Journal
of Alloys and Compounds 509, 6756–6762
(2011).
B. D. Cullity, “Element of X-ray diffraction”,
2nd Edition, Addison-Wesley, Philippines
(1978).
S. Ilican, M. Caglar, Y. Caglar, “Sn doping
effects on the electro-optical properties of sol
gel derived transparent ZnO films”, Applied
Surface Science 256, 7204–7210 (2010).
Y.Caglar, S. Ilican, M. Caglar, F.
Yakuphanoglu, “Effects of In, Al and Sn
dopants on the structural and optical properties
of ZnO thin ﬁlms”, Spectrochimica Acta Part
A 67, 1113–1119 (2007).
E. O. Omayio, P. M. Karimi, W. K. Njoroge,
F.
K.
Mugwanga,
“Current-voltage
characteristics of p-CuO/n- ZnO:Sn Solar
cell”, International Journal of Thin Films
Science and Technology 2, No. 1, 25-28
(2013).
S. B.W, H. N. N. Murthy, M. Krishna, S. C.
Sharma, “Investigation of Influence of Spin
Coating Parameters on the Morphology of
ZnO Thin Films by Taguchi Method”,
International Journal of Thin Films Science
and Technology 2, No. 2, 143-154 (2013).

